Background: Asians were known to have a relatively lower incidence of venous thromboembolism (VTE), and there is insufficient evidence to suggest a specific D-dimer threshold level for screening VTE in patients with acute stroke.
INTRODUCTION
Studies have shown that, without prophylaxis approximately 33-50% of Caucasian acutely immobilized stroke patients developed deep vein thrombosis (DVT) within two weeks after the onset of stroke. 1, 2 Although the DVT rates varied significantly with different diagnostic tests, it occurred most frequently between 2 and 7 days after the stroke. 3 Also, pulmonary embolism (PE) was found among 1% of acute stroke patients, 4 and it was responsible for up to 13% of early mortality among stroke patients in an autopsy study. 5 As a result, the current stroke management guidelines strongly suggest the use of subcutaneous anticoagulation to prevent venous thromboembolism (VTE) in immobilized stroke patients. 6 Interestingly, previous studies have suggested racial differences in VTE incidence, and Asians were found to have up to 70% lower VTE rates compared to Caucasians. 7, 8 Because of this difference, the use of prophylactic anticoagulation to prevent VTE among stroke patients has shown vast practice variation, as well. For example, 95% of the US hospitals used VTE prophylaxis according to the 2015 annual report. 9 However, studies report prophylactic anticoagulation was used in less than 5% of stroke patients in Korea and China. 10, 11 The D-dimer assay has been used to screen for VTE among various patient populations with a high diagnostic sensitivity, but a limited specificity for VTE at a cutoff level of 0.5 mg/L. 12 Because acute phase stroke patients can frequently have a high D-dimer level, the same threshold level cannot be used for these patients. 13, 14 Only a few studies on the incidence of VTE and the possible role of the D-dimer assay in screening for VTE in Asian acute stroke patients have been conducted. Therefore, we investigated the frequency of VTE and usefulness of the D-dimer assay for screening VTE in Korean acute stroke patients using a prospective research design.
METHODS

Study participants
We prospectively and consecutively enrolled patients with acute ischemic stroke admitted to the Department of 
Clinical and laboratory assessment
All patients were rated by the Wells score at the time of the ultrasound examination, and it was used to classify the patient's probability of DVT as low (≤0), moderate (1 or 2), or high (>2). 16 at discharge were collected using an ongoing prospective stroke registry. 18 The primary outcome of this study was the incidence of DVT or PE within 28 days after stroke onset.
Statistical analysis
Univariate analysis was performed to evaluate the dis- 
RESULTS
Patients
During the recruitment period of 12 months, a total of 285 acute ischemic stroke patients were admitted to the hospital within seven days from onset of stroke symptoms.
Of the 285 patients, 52 patients met the eligibility criteria and underwent a first ultrasound examination during the time periods of 7 to 14 days after stroke onset. After the first ultrasound examination, four patients declined participation in the second study, one patient showed a critical condition that precluded the ultrasound examination, and one patient was transferred to another hospital before the second examination. As a result, 46 patients (46/52, 88.5%) received the second ultrasound examination dur- Table 1 ). 
Ultrasound examination
Agreement between two researchers on the diagnosis of DVT by ultrasound examination was moderate (kappa=0.58). DVT at proximal lower limbs was detected in three patients (5.8%, 95% confidence Interval 1.2-16.0%) on the first ultrasound examination and no new DVTs were found in patients at the second examination. All DVTs were found in elderly female patients, with an NIHSS score of three (i.e., no effort against gravity) for the lower limb affected by the stroke. Although the analyses were limited by the small number of patients with DVT, patients with DVT appeared to have greater stroke severity and more severe leg motor weakness, compared to patients without DVT (Supplementary Table 2 ). Two patients had DVT, even though they were receiving oral anticoagulants at the time of the ultrasound examination ( Table 2 ). None of the three patients were using intermittent pneumonic compression devices at the time of DVT diagnosis, though one patient was wearing compression stockings, and two were receiv- At the time of the first ultrasound examination, the probability of DVT based on total Wells score of 52 patients was moderate (1-2) in 50 patients (96.2%), and high (>2) in two patients (3.9%), and 11.5% (6/52) of these patients had a score of 2 or more. The probability at the second examination was moderate or high in 91.3% of patients. The
Wells score of patients diagnosed with DVT was 3 in one patient and 1 in two patients ( Table 2 ).
DISCUSSION
In this study, we found that the incidence of VTE was only 5.8% among Korean patients with ischemic stroke who were immobilized due to leg weakness. The risk seemed to be greatest for elderly female patients with severe lower extremity weakness due to stroke. This study also confirmed that the current reference value of plasma D-dimer was not helpful in screening for VTE among patients with acute ischemic stroke.
Vast variations in VTE prevalence among Asian stroke patients have been reported, depending on the research method. 19 In clinical studies, the prevalence rates were less than 1%, however the rates varied significantly from 4.8% to 45% in imaging studies. The highest reported rates were from a Doppler ultrasound study done in 111 acute stroke patients from Singapore. 20 DVT was found in 30% of the patients during the time period of 7 to 10 days and 45% during 25 to 30 days from stroke onset. However, the majority of the DVTs were in the distal part of a lower extremity, and only one patient had PE in that study due to limited risk of proximal extension on the distal DVT.
Other ultrasound-based studies reported prevalence rates of DVT from 4.8 to 9.0%, which are similar to the current report. 21, 22 Based on the current findings, the prevalence of clinically significant symptomatic DVT or PE seems to be quite low in Asian stroke patients.
The exact mechanisms underlying racial differences in VTE rates are not clear. Possible explanations may include variation in the prevalence of genetic and environmental risk factors and accessibility to medical care to provide a correct diagnosis of VTE. 7, 23 Several researchers have also claimed that the lower VTE incidence in Asians may be due to lack of well-designed large clinical studies. Prospective studies in Asian patients have reported higher rates of VTE following major surgery, and rates that varied with different medical conditions. [24] [25] [26] Well-designed large multicenter research is required to investigate the accurate prevalence and risk factors for VTE, and evaluate optimal thromboprophylaxis in high-risk Asian patients.
Plasma D-dimer levels are useful for screening DVT in chronic stroke patients receiving rehabilitation. 27, 28 However, stroke patients can have frequently higher D-dimer levels during the acute phase, so the same threshold level cannot be used during that phase. 29 Balogun et al. 13 found that a baseline D-dimer of 1.7 mg/mL had a sensitivity 
CONCLUSION
The incidence of VTE seems to be very low among Korean patients with acute ischemic stroke. Advanced age, female gender, and severe leg weakness due to stroke were important risk factors for developing DVT in this study.
Large-scale multicenter research is needed to investigate the exact incidence, biomarkers, and risk factors for VTE in Asian stroke patients to identify high-risk patients and to provide safe and effective VTE prophylaxis.
Supplementary content
The online-only supplementary material is available with this article at https://doi.org/10.18700/jnc.180068. 
